To determine the peak dispersal times of allergenic pollen grains in Ulsan, Korea, we performed continuous airborne pollen counts at three stations (Sts. A, B, and C) in Ulsan from August 2009 to November 2010. Pollen grains were sampled using a Durham sampler. Two peak pollen dispersal seasons were observed per year. The peak seasons generally coincided with the flowering period of anemophilous trees: Taxodiaceae (February), Alnus (March), Cupressaceae (April), Quercus, and Pinus (May), and with the flowering phase of herbs from August to November, e.g., Humulus, Artemisia, Gramineae, and Ambrosia from August through September. The highest concentration of airborne pollen was from Pinus (68%), followed by Quercus (15%), Alnus (6%), and Humulus (2%); whereas very low pollen concentrations were from Taxodiaceae, Cupressaceae, Artemisia, Gramineae, and Ambrosia (≤ 1% of the annual total airborne pollen concentration). Our findings indicate that Alnus and Humulus pollen are major allergens whereas those of Pinus and Quercus are minor allergens. The concentration of Alnus pollen grains at St. C was over five times that at Sts. A and B. This finding implies that individuals living at or near St. C are exposed to high concentrations of Alnus pollen before and after March, which is the flowering period of the alder tree. From August to September, individuals living at or near St. B are exposed to high concentrations of Humulus pollen. Our study suggests that Alnus pollen may be the major aeroallergen causing pollinosis in the spring at St. C and Humulus pollen may be the major aeroallergen in autumn at St. B.
INTRODUCTION
Particles dispersed in the air are referred to as aerosols. While it is difficult to detect bacteria and viruses in aerosols, it is relatively easy to detect algae, leaf hairs, seeds, plant fragments, and pollen (Knox 1979) . Aerosols are under the control of atmospheric conditions, and are normally carried across short distances; however, ascending air currents can carry aerosols much farther (Nilsson 1973) . Pollen is a type of aerosol that may induce an allergic response (i.e., pollinosis) in susceptible humans (D'Amato et al. 2007) . One representative characteristic of pollinosis is seasonality of symptoms, which means that this disease occurs at the same time every year (D'Amato et al. 1998) . Furthermore, symptoms are aggravated in a manner directly proportional to an increase in airborne and February, the daily minimum temperature was below 0°C. All data gathered indicate that Ulsan has four seasons and belongs to the temperate zone with heavy rain typical in the summer.
Three sampling stations (Sts.) were chosen on the basis of site environment. St. A (35°32'39" N, 129°15'16" E; altitude, 74 m) was close to Mt. Munsu, which is on the outskirts of the city and considered a source of pollen from the mountain. St. B (35°33'11" N, 129°21'22" E; altitude, 43 m) was chosen to study residential districts and riparian plant communities and St. C (35°29'50" N, 129°25'16" E; altitude, 66 m) was selected to reflect coastal vegetation and residential districts (Fig. 1) .
Sampling of airborne pollen
Durham samplers were used to trap airborne pollen grains (Ogden et al. 1974) . Two horizontal 23 cm circular disks were set 7.6 cm apart from each other. A mount for positioning a glass slide was placed between the disks, 2.5 cm away from the bottom disk and 1.5 m above the ground. Samplers were installed on roofs with no air-handling units to ensure they were set in open spaces convenient for changing the glass slides. The pollen samplers were not moved during the research period from August 1, 2009 to November 30, 2010.
Vaseline was applied to the surface of the glass slides (76 × 26 mm), which were then installed for 24 h on the sampler. Glass slides were changed every day at 9 a.m. If glass slides were wet, precipitation was allowed to dry naturally. For preservation, glass slides were stained and sealed using the gentian violet glycerin jelly method and an 18 × 18 mm cover glass.
Pollen counts
Airborne pollen was measured using standardized procedures for atmospheric pollen counts and pollen forecasts employed by the Japan Allergy Foundation (Sahashi et al. 1993) . The pollen grain count was rounded up from two to one decimal point. The start date of observation was defined as the day, starting from January 1, when the pollen count was rounded up to one decimal point. The beginning of pollen scattering was defined as the first day on which pollen was detected for more than two consecutive days, with a first day value of one grain/cm 2 . The ending date of the main pollen season was defined as the day prior to the first three consecutive days of zero grain detection.
pollen concentration (Oh et al. 2006, Agashe and Caulton 2009) .
The study of pollinosis in Korea started with Joo (1965) , and has since been carried out in Seoul and the Gyeonggi region (Min and Kang 1984 , Hong et al. 1986 , Chang et al. 1988 , Oh 1998 . Since 1996, the Pollen Research Center of the Korean Academy of Pediatric Allergy and Respiratory Disease (KAPARD) has been performing pollinosis studies in eight major Korean cities (Busan, Daegu, Daejeon, Gangneung, Guri, Gwangju, Jeju, Seoul) . Although Ulsan, a city of industrial complexes, is a more sensitive region for environmental diseases than other cities, quantitative studies of such diseases in this region have been lacking. Ulsan is not included in the eight cities in which KAPARD is performing pollinosis studies. In fact, there have been no studies of pollinosis, a suspected environmental disease in Ulsan. Since symptoms of pollinosis can differ according to climate, plant distribution, and vegetation, local differences must exist (Falagiani 1990 , D'Amato et al. 1998 ). Therefore, locally specific studies on airborne pollen have immense value for the prevention and cure of environmental diseases (Ong et al. 1995) . In this study, we investigated the spatial-temporal distribution characteristics of airborne pollen by conducting a pollen survey in Ulsan from August 2009 to November 2010. We also developed a pollen calendar on the basis of the survey results.
MATERIALS AND METHODS

Study area
Ulsan is in the southeastern part of the Korean Peninsula adjoining the East Sea. Major drainage systems of this region are the Taehwa River, the Woehwang River, and the Heoya River. The heavy chemical industries -Ulsan Petrochemical Complex and Onsan National Industrial Complex -lie along the southeastern coast of Ulsan. Climatic information for the region was obtained from meteorological data collected over 30 years from 1980 to 2009 by the Ulsan meteorological administration (Korea Meteorological Administration 2010). The annual mean temperature was 14.1°C, and the annual mean precipitation was 1,304.4 mm. Annual precipitation measured from June to September was 64.5%, with minimum precipitation recorded in December (22.5 mm) and January (34.7 mm). The lowest recorded temperature was -11.9°C (on January 18, 1980) , and the highest recorded temperature was 38.6°C (on August 3, 1983) . For 231 days, the daily mean temperature was over 10°C. In December, January, http://jefb.org
RESULTS
Distribution of airborne pollen
The total pollen counted during the study period from at St. C. St. A accounted for 35% of the total pollen grain measured in Ulsan in one year, whereas St. B and St. C accounted for 28% and 37% of total pollen, respectively. Tree pollen (TP) was detected the most at St. C (37%), and herb pollen (HP) was detected the most at St. B (49%) (Fig. 2) . We identified 44 families and 46 genera of pollen in Ulsan. The TP types identified at Sts. A (25 families, 30 genera) and C (24 families, 30 genera) were more than those identified at St. B (21 families, 28 genera). The types of HP detected at St. B (15 families, 12 genera) were more than those detected at St. C (14 families, 10 genera) and St. A (12 families, 9 genera). The proportion of total pollen that was TP was 96.9% at St. A, 92.3% at St. B, and 96.7% at St. Fig. 3 . At all stations, three pollen peak seasons occurred at the same times. The first peak season occurred between August and November of 2009 and was attributable to HP. The second and the highest peak season occurred between February and June and was attributable to TP. The third peak season occurred between August and November of 2010 and was attributable to HP. The detected pollen concentration at St. C in March was higher than at Sts. A and B and was attributable to Alnus pollen.
Pollen calendar
Data regarding the types of airborne pollen at each of the three stations was combined. The 34 most dominant types of pollens are presented in a pollen calendar. High and low concentrations of the 34 dominant pollens are presented in Figs. 4 and 5, respectively.
Tree pollen
In the TP peak season, pollens of Alnus, Taxodiaceae, Cupressaceae, Quercus, and Pinus were detected at high levels (95%).
For Alnus pollen, the first day of observation was January 15, scattering began on February 22, the season ended on May 8, and the peak value was recorded on March 13 (134.9 grains/cm 2 ). For Taxodiaceae pollen, the first day of observation was February 17, scattering began on February 24, the season ended on April 19, and the peak value was noted on Feb- ). For Cupressaceae pollen, the first day of observation was February 20, scattering began on March 12, the season ended on May 22, and the peak value was recorded on April 6 (15.5 grains/cm 2 ). For Quercus pollen, the first day of observation was March 21, scattering began on April 19, the season ended on July 11, and the peak value was recorded on May 5 (251.8 grains/cm 2 ). For Pinus pollen, the first day of observation was January 1, scattering began on April 22, the season ended on May 20, and the peak value was recorded on May 5 (1,194.2 grains/cm 2 ).
Herb pollen
During the peak season of HP from August to November, 95% of HP was attributable to Humulus (63% in 2009, 
DISCUSSION
The pollen season in temperate climates is normally restricted to the flowering season from early spring to autumn (Knox 1979) . Ulsan has a temperate climate with high temperature and humidity in the summer and is cold and dry in the winter. The annual airborne pollen concentration has two peak seasons (TP in spring and HP in autumn) (Fig. 3) . The dominant pollen type per month was Taxodiaceae in February, Alnus in March, Cupressaceae in April, and Quercus, Pinus, and Gramineae in May. In autumn, pollens of Humulus, Artemisia, and Ambrosia were present from August to September. These results are in agreement with those of similar studies conducted at other locations (Min and Kang 1984 , Chang et al. 1988 , Park et al. 1993 , Oh 1998 , Oh et al. 2000 , 2006 , which also reported two peak pollen seasons. Furthermore, the types of monthly airborne pollen discovered in our study were similar to those found in other studies. Pollens from Alnus (end of February to March), Cupressaceae (April), Quercus (April to the beginning of May), and Pinus (end of April to May) were detected as dominant in spring. The concentration of pollen in the atmosphere was especially high in May. The peak concentration of each pollen type included in this study appeared 7-10 days earlier in the southern region of Korea than in the middle region. The dominant types of pollen in autumn -Humulus, Artemisia, and Ambrosia -were detected mostly in August and September in all areas. In this study and in a previous study conducted in Busan , Humulus pollen showed the highest concentration. On the other hand, Artemisia pollen showed the highest concentration in Seoul and the Gyeonggi region. It is difficult to directly compare the concentration of each pollen type identified in this study with concentrations in other regions due to differences in the sampler used, exposure time of glass slides, and preparation methods. For instance, Park et al. (1993) , Oh (1998) , Kim et al. (2000) , and Oh et al. (2000) used volumetric samplers (Rotorod Sampler; Sampling Technologies, Inc., Minnetonka, MN, USA), while Min and Kang (1984) exposed slide glass over 2-3 days, and Chang et al. (1988) , who used a Durham sampler placed 65% in 2010), Artemisia (19% in 2009 Artemisia (19% in , 15% in 2010 , Gramineae (9% in 2009 , 12% in 2010 ), and Ambrosia (4% in 2009 , 2% in 2010 .
Artemisia, Humulus, and Gramineae pollen grains were recorded from August 1, 2009. For Artemisia pollen, in 2009, the beginning of pollen scattering was August 21, the season ended on October 9, and the peak value was recorded on August 23 (8.5 grains/cm 2 ). In 2010, the first day of observation was July 3, scattering began on September 16, the season ended on November 1, and the peak value was recorded on September 30 (8.3 grains/cm 
Low concentration of TP and HP
Low concentrations of TP and HP of dominant pollen were of the types listed below. Parent plants were identified on the basis of the local vegetation, and flowering season was determined on the basis of the detected pollens which were distributed into three groups based on the habitat of parent plants (Fig. 5) . Group 1 included Typha, Leguminosae, Cruciferae, Salix, Cyperaceae, and Chenopodiaceae. The putative parent plants of these pollen grains were distributed in residential districts, at ruderal sites, and riversides. Group 2 included Rhus, Castanea, Platycarya, Oleaceae, Celtis, Morus, Carpinus, Larix, 2006 , Ministry of the Environment of Japan 2009). Sensitization rates to Humulus pollen have increased in the southern Gyeonggi region of Korea over the past 10 years. Sensitivity to Humulus pollen is most commonly noted in children under the age of 10 years and adults over the age of 40 (Lee 2010) . St. B had the highest levels of Humulus pollen, implying that an individual living at or near St. B is exposed to high concentrations of Humulus pollen grains which would lead to a higher prevalence of autumn pollinosis at St. B than at Sts. A and C. Health data are needed to support this assumption. Although Gramineae pollen was detected at lower concentrations than Humulus and Artemisia pollen, it was detected for longer periods (May to November). (Lee 1996) . A. artemisiaefolia was observed in vacant lots and abandoned fields at all three stations. A. trifida was detected only at St. B, while A. trifida for. integrifolia was not detected at any station. The types and concentrations of airborne pollen were affected by the surrounding vegetation and environment. Therefore, local data should be continuously collected using the pollen calendar to obtain more accurate information and to prevent pollinosis. in a garden, reported HP concentration 5-10 times higher than found in this study. Comparison of results from this study with those reported by Chang et al. is limited by differences in the distance between the samplers and surrounding plants in both studies.
We also determined the allergic sensitization rates of the pollen types detected. Parent plants were identified on the basis of the local vegetation, and the flowering season was determined on the basis of the detected pollen. More than 95% of the annual pollen consisted of TP (mostly Pinus, Quercus and Alnus pollen). Sensitization rates to Pinus and Quercus pollen are minor, whereas that of Alnus pollen is moderate in Europe and America (Falagiani 1990 , Subiza et al. 1995 . Kim et al. (2000) reported Alnus pollen as a significant allergen associated with spring pollinosis. The concentration of Alnus pollen grains at St. C was five times more than that at Sts. A and B (Table 1) . A vegetation survey revealed the parent plant to be mostly Alnus firma, which was planted for erosion control. Therefore, it may be necessary to manage the number of A. firma plants to decrease the concentration of Alnus pollen. The parent plant of Taxodiaceae pollen was identified as Metasequoia glyptostroboides at all three stations. This species had been planted as street trees or garden plants. Furthermore, 10 Cryptomeria japonica plants at St. A also accounted for Taxodiaceae pollen in this region. However, on the basis of the predominant population and the distance between the sampler and the parent plant, we believe Metasequoia to be the more likely parent plant of this pollen type at all three stations. Members of the Cupressaceae family (Thuja, Chamaecyparis and Juniperus) have been regarded as important factors associated with pollinosis in Japan (Kishikawa et al. 2001) .
During the peak period of HP from August to November, 95% of HP consisted of Humulus, Compositae (Artemisia, Ambrosia, etc.), and Gramineae pollen. Parent plants of these pollen grains are mainly distributed along roadsides, at ruderal sites, on riverbanks, at watersides, and on river terraces (Lee 1996 , Moon 2005 . St. B, which had riversides and river terraces, also had the highest concentration of HP. Sensitization rates in Europe and America are highest for Gramineae pollen, followed by Ambrosia (high), and Artemisia (low) pollen (Falagiani 1990 , Subiza et al. 1995 , D'Amato et al. 2007 ). Furthermore, pollinosis prevalence rates associated with these pollen types reached 10% in Japan (Osaka Prefecture 2007). Although no cases of pollinosis caused by Humulus pollen have been reported in Europe and America, Humulus japonica has been reported as a source of allergenic pollen in Korea and Japan (Hong et al. 1986 , Park et al. 1998 
